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Aquaculture represents a new segment of agriculture in the United States. There are 
several factors behind the recent growth of aquaculture: aquaculture products provide low 
calorie, healthy sources of protein for health conscious consumers and they fill a void in the 
fish supply resulting from biological limitations of wild fisheries. Consequently, aquaculture 
has been the fastest growing segment in agriculture for the past two decades (USDA 1994). 
Currently, channel catfish, Ictalurus punctatus, rainbow trout Oncorhychus mykiss, 
and tilapia Oreochromis spp. dominate the U. S. commercial food fish industry. Ponds in 
temperate climates encompass several disadvantages for food fish production of the 
aforementioned species: cooler climates with short growing seasons for profitable catfish and 
tilapia production and, in contrast, warmer climates with short growing seasons for trout 
production. For food fish production to prosper and grow in temperate regions, culturists 
need to select species that grow well under erratic climatic conditions and possess market 
potential. 
To insure successful food fish production in temperate climates, researchers and 
producers need to identify profitable species (Lewis and Heidinger 1971). Sunfish (family 
Centrarchidae) have potential to become a marketable aquaculture species (Mischke 1995), 
especially the interspecific cross of female green sunfish Lepomis cyanellus and male bluegill 
L. macrochirus (Lewis and Heidinger 1971; Heidinger 197 5; Tidwell and Webster 1992; 
Mischke and Morris 1998; Webster et al. 1997); hereafter the interspecific cross will be 
referred to as hybrid sunfish. 
Lewis and Heidinger (1971) suggested in temperate regions hybrid sunfish might be 
more practical to raise and market as food fish compared to channel catfish. In addition, 
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there is high consumer recognition with sunfish. Sunfish may also be relatively easier to 
process given scaling fish is less time consuming compared to skinning channel catfish 
(Lewis and Heidinger 1971). 
According to Webber and Riordian (1976), commercially marketable aquaculture 
species include two criteria: marketing and biological. Marketing criterion includes taste, 
appearance, texture, and consumer recognition of the species. Bluegill fillets provide good to 
excellent flavor with a slightly soft texture, which a large number of consumers readily 
accept (McLamey 1987). The biological criterion includes acceptance of supplemental 
feeds, temperature tolerances, good growth rates, and the ability to spawn repeatedly. 
Bluegill readily accept supplemental feeds (Ehlinger 1989), endure wide temperature ranges 
(Heidinger 1975), possess good growth rates (Krumholz 1946; Breck 1993), and have the 
ability to spawn repeatedly (Banner and Hyatt 1975; Stickney 1985). 
Although hybrid sunfish possess the same marketing and biological criteria as 
bluegill, hybrid sunfish has several additional desirable characteristics for culture: a sex ratio 
skewed towards males, which would decrease excessive recruitment within ponds (Childers 
1967); hybrid vigor with improved growth rates (Kurzawski and Heidinger 1982); juveniles 
readily accept artificial feed (Mischke and Morris 1998); and greater tolerances to cooler 
temperatures and poor environmental conditions (Brunson and Robinette 1986). 
Although hybrid sunfish possess these desirable characteristics for production, there 
is disagreement as to whether bluegill or hybrid sunfish are best suited for the food fish 
market. There have been few comparative growth studies to indicate which taxon is best 
suited as a food fish. Most researchers have concentrated their studies on enhancing hybrid 
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sunfish for fee-fishing operations (Brunson and Robinette 1986; Webster et al. 1997) and 
recreational sport fishing (Krumholz 1949; Tidwell and Webster 1992). 
A definite protein requirement or fish feed has not been set for sunfish. McLamey 
(1987) suggested that protein requirements for sunfish brood stock are in between the protein 
requirements of rainbow trout and channel catfish. Tidwell et al. (1992) suggested using 
higher protein feeds (35% or greater) may improve growth and production potential of hybrid 
sunfish. Bluegill and hybrid sunfish possess a high food conversion ratio (FCR) when fed 
diets containing at least 10% dietary lipid in the form of fish oil. Tidwell et al. (1992) 
indicated relatively small hybrid sunfish (3-6 g) fed a diet consisting of 37% protein had a 
specific growth rate (SGR) of 1.98. When larger fish are stocked into ponds, SGR rates 
decrease (Tidwell et al. 1994). 
Past aquaculture investigations into sunfish culture often measured length, weight, 
condition, FCR, SGR, and survival. These are important measurements for most aspects of 
aquaculture and sport fisheries management stocking programs; however, these 
measurements alone should not be used to select food fish species. 
Gonadosomatic indices (GSI), sex ratios, dress-out percentages, and survival rates 
between bluegill and hybrid sunfish have not been compared for longer durations, but are 
significant factors for the selection of an appropriate aquaculture taxon. GSI comparisons are 
important because female fish use up to 85 % of their total energy in the development of 
reproductive, not somatic, tissue during the spawning season (Adams and Breck 1990). This 
measurement is also important because hybrid sunfish have relatively underdeveloped 
gonads compared to bluegill (West 1970). Attractive characteristics of hybrid sunfish are an 
imbalanced sex ratio and associated reduced reproductive potential, which decreases pond 
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density by limiting recruitment. Typically, the percentage of males in the F1 generation 
exceeds 80% (Childers 1967). 
Dress-out percentages are important for food fish aquaculture because there may be 
differences in skin-on fillet and in-the-round sizes between bluegill and hybrid sunfish, 
though they are similar in both length and weight. Just as important as dress-out percentages, 
are the survival rates of the tax a. Hence, to evaluate whether bluegill or hybrid sunfish are 
most suited for food fish production in the Midwest, researchers need to conduct a thorough 
comparison between these two taxa. The objective of this study is to evaluate hybrid sunfish 
and bluegill for food fish production. 
Thesis Organization 
This thesis contains three chapters, each consisting of a manuscript to be submitted to 
an appropriate journal. Chapter 1 will be submitted to North American Journal of 
Aquaculture, with the following authorship: Ryan L. Lane and Joseph E. Morris. Chapters 2 
and 3 will be submitted to Journal of World Aquaculture, with the following authorship: 
Ryan L. Lane and Joseph E. Morris. Each chapter is formatted according to the journal 
instructions, except where thesis requirements conflicted. 
In addition to the three chapters, this thesis contains General Introduction and General 
Conclusions sections. Both sections were formatted according to instructions for the journal, 
North American Journal of Aquaculture. References cited in both follow General 
Conclusions. 
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CHAPTER 1. WINTER GROWTH OF HYBRID SUNFISH IN IOWA CULTURE PONDS 
Abstract 
A paper to be submitted to North American Journal of Aquaculture 
Ryan L. Lane and Joseph E. Morris 
Winter growth of female green sunfish Lepomis cyanellus and male bluegill L. 
macrochirus F1 hybrids was evaluated in eastern Iowa earthen culture ponds. Three 0.15 ha-
ponds were stocked with juvenile (15.38 ± 0.53 g) hybrid sunfish at the rate of 12,000 fish 
per ha. All fish subsisted on natural food sources of the ponds. After the 180-d period with 
mean air temperatures less than 4 °C, fish in each pond increased in weight (175 ± 57% ), 
standard length (22 ± 6% ), and condition factor Kst ( 49 ± 12% ). Results from this study 
suggest hybrid sunfish can exhibit growth in long, cold Iowan winters without the use of 
supplemental feeds. 
Introduction 
In the Midwest, the growing interest of food fish aquaculture has led to the re-
examination of cultured Lepomis hybrids. Among the interspecific crosses, the F1 hybrid 
produced from female green sunfish Lepomis cyanellus and male bluegill L. macrochirus 
possesses high potential for culture (Lewis and Heidinger 1971; Heidinger 1975; Tidwell and 
Webster 1992; Webster et al. 1997; Mischke and Morris 1998). Hereafter, the 
aforementioned F 1 hybrid cross will be referred to as hybrid sunfish. 
There are several desirable characteristics associated with this hybrid sunfish: a sex 
ratio skewed towards males (Childers 1967), hybrid vigor with improved growth rates 
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(Kurzawski and Heidinger 1982), and tolerance to cool temperatures and poor environmental 
conditions (Brunson and Robinette 1986). The most desirable noted characteristic of hybrid 
sunfish is its winter growth in southern Illinois and Mississippi (Heidinger 1975; Brunson 
and Robinette 1982; Brunson and Robinette 1983); this is an essential characteristic when 
culturing fish in winter seasons common to the upper Midwest. Whether over-wintering 
growth is possible at these higher latitudes has yet to be investigated. 
Because of ice-cover on midwestem ponds, many culturists do not have the option of 
supplementing feed to their stock during winter conditions; therefore, culture animals must 
rely on natural food organisms within ponds for growth. Brunson and Robinette (1983) noted 
hybrid sunfish efficiently utilized natural food organisms for growth in Mississippi ponds. 
The objective of this study was to evaluate hybrid sunfish growth during winter conditions in 
temperate regions without the use of supplemental feeds. 
Methods 
After grading and removing the bottom 30% of the population, juvenile hybrid 
sunfish were stocked 21 November 1999 into three ponds (approximately 0.15 ha) at 
Kloubec Fish Farms, Amana, IA (Elevation: 863 ft.; Latitude: 41 53N; Longitude: 91 42W); 
the top 70% were retained for this study (NCRAC 2000). Fish numbers were estimated by 
weight and stocked at 12,000 fish/ha. 
Ten fish were randomly sampled, using standard fishery techniques, i.e., seines and 
trap nets, from each pond at initial stocking and at the end of the experiment, 17 May 2001. 
Fish were euthanized using Finquel® (Argent Chemical Laboratories, Redmond, WA), 
weighed (g), and measured for standard length (mm). Hybrid sunfish were dissected and sex 
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was determined by primary sexual characteristics. Instantaneous rates were used to calculate 
growth. The working formula of specific growth rate (SOR) is: SOR= ((ln Wf- ln Wi) / T) x 
100, where W f = mean weight at the end of the period, Wi = mean weight at the beginning of 
the period, and T= time in days of the period (Ricker 1975). Condition factor (Kst) was 
calculated by the following working formula: Kst = (weight)/(standard length) 3 x 100. 
The National Oceanic and Atmospheric Administration (NOAA), U.S Department of 
Commerce, USA provided official daily air temperatures (°C) for Cedar Rapids (16 km from 
study site). Water temperatures were only taken on initial and final sampling dates. Data 
were evaluated using the General Linear Model procedure (Statistical Analysis Systems 
2000). 
Results and Discussion 
The mean official air temperature for the entire study period was 3.5 ± 2.8°C and the 
monthly temperature ranged from - 5.8 °C to 15.3 °C. Initial water and air temperatures 
were both approximately 3°C. Final water temperature was 13°C whereas air temperature 
was 16°C. Both Heidinger (1975) and Brunson and Robinette (1982) noted over-winter 
water temperatures were less than 15 °C in southern Illinois and northern Mississippi, 
respectively. Iowan culture ponds are subjected to colder winter conditions than reported 
from study sites previously reported in the literature (Figure 1.1). 
After the 180-d period, hybrid sunfish in the present study increased in weight, 
standard length, and condition factor Kst (Table 1.1 ). Initial mean weight of fish in the three 
ponds ranged from 14.4 g to 16.2 g with a mean of 15.4 ± 0.5 g and final weight ranged from 
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Figure 1.1. Monthly air temperatures at Cedar Rapids, Iowa, November 1999 - May 2000. 
Values are means± standard error (N = number of days within the month). National Oceanic 
and Atmospheric Administration (NOAA), U.S Department of Commerce, USA 
Table 1.1. Mean values (± SE) of weight (g), standard length (mm), condition factor (Kst) 
and specific growth rates (%body weight/day) for replicates (N=3) in the 180-d experiment, 
Amana, Iowa, November 1999-May 2000. 
Sample 
Initial Final Difference % Increase 
Weight (g) 15.4 ± 0.53 43.0 ± 10.1 27.6 ± 9.6 175 ± 57 
Standard length (mm) 77.3 ± 1.10 93.9 ± 5.5 16.6 ± 4.5 22±6 
Condition factor (Kst) 3.3 ± 0.1 5.0 ± 0.4 1.6 ± 0.4 49 ± 12 
SGR (%body wt/day) 0.5 ± 0.1 
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percent increase ranged from 10.6 g to 43.6 g and 73% to 269% with means of 27.6 ± 9.6 g 
and 175 ± 57%, respectively. Heidinger (1975) reported the over-winter growth of fingerling 
hybrid sunfish was approximately 30% in weight; fish were stocked with channel catfish in a 
135-d study. Fish grew from 2.8 g to approximately 3.7 gin this study. Although our study 
had a longer culture period, fish were stocked at a higher initial size and had a greater weight 
gain and percent increase than fish in the aforementioned study. Brunson and Robinette 
(1982) reported after 90-d non-fed fingerling hybrid sunfish increased in weight 
approximately 183% over winter; fish grew from 12.lg to 34.2g. Brunson and Robinette 
(1983) reported after 112-d fingerling hybrid sunfish increased in weight 431 % over winter; 
however, replication of growth was not used in this experiment as well as the fish only grew 
from 3.56 g to 18.9 g. Whereas both of these studies indicated greater increases in over 
winter fish growth compared to this study, both studies were conducted in Mississippi; a 
region typically associated with much milder winters. 
Specific growth rates (%bodyweight/day) of fish from ponds ranged from 0.3 to 0.7 
with the mean of 0.5 ± 0.1. The initial and final mean standard length ranged from 76.10 mm 
to 79.5 mm and 84.2 mm to 103.1 mm with means of 77.3 ± 1.1 mm and 93.9 ± 5.5 mm, 
respectively. The mean standard length difference and percent increase ranged from 8.1 mm 
to 23.6 mm and 11 % to 30% with means of 16.6 ± 4.5 mm and 22 ± 6%, respectively. The 
initial and final condition mean Kst of fish from individual ponds ranged from 3.2 to 3.5 and 
4.2 to 5.5 with means of 3.3 ± 0.1 and 5.0 ± 0.4, respectively. The mean Kst difference and 
percent increase ranged from 0.9 to 2.2 and 29% to 70% with means of 1.6 ± 0.4 and 49 ± 
12%, respectively. 
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Fish sampled in the experiment consisted of 90% males or 9: 1 male to female ratio. 
All females were collected at the initial sampling date; therefore, no growth comparisons 
were conducted between males and females. 
Although fish in each pond had increased production values over the culture period, 
fish in one pond possessed a lower weight increase (73%), SGR (0.31), standard length 
increase (11 %), and condition factor (0.94) compared to the other ponds. This pond greatly 
lowered all point estimates and increased data variability. The reason for increased data 
variation in this pond is undetermined but could have been caused by a variety of 
circumstances including low oxygen levels or low abundance of natural prey organisms. 
Increases in weight, length, and condition without the use of supplemental feed are 
beneficial criteria for potential cultured species, in regions having unavoidable periods of ice-
cover. Brunson and Robinette (1982) noted a winter-feeding program for hybrid sunfish 
might increase growth. However, results garnered from this study suggest without such a 
feeding program, hybrid sunfish exhibit substantial growth in long, cold Iowan winters 
without using supplemental feeds. Such information is critical in establishing hybrid sunfish 
as an appropriate culture taxon for aquaculture operations in the upper Midwest. 
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CHAPTER 2. COMPARISON OF PREPARED DIET VERSUS NATURAL FEED 
INGESTION BETWEEN POND-CULTURED BLUEGILL AND HYBRID SUNFISH 
A paper to be submitted to J oumal of World Aquaculture 
Ryan L. Lane and Joseph E. Morris 
Pond production of bluegill Lepomis macrochirus and the interspecific F 1 hybrid of 
green sunfish L. cyanellus female and bluegill male (hereafter referred to as hybrid sunfish) 
is a potential aquaculture venture for temperate climates, especially the upper Midwest. 
Hybrid sunfish have several desirable husbandry attributes: sex ratio skewed towards males 
(Childers 1967), hybrid vigor with improved growth rates (Kurzawski and Heidinger 1982; 
Brunson and Robinette 1983), winter growth in cooler temperatures (Heidinger 1975; 
Brunson and Robinette 1982; Brunson and Robinette 1983), and eager acceptance of 
prepared feed (Lewis and Heidinger 1971; Tidwell and Webster1992; Webster et al. 1992; 
Webster et al. 1997). 
Pond-cultured fish may consume both natural and prepared feeds simultaneously for 
growth, or indirectly benefit from prepared feed acting as fertilizer for promotion of natural 
prey organisms. Brunson and Robinette (1983) noted both bluegill and hybrid sunfish 
utilized natural food organisms for growth in Mississippi ponds; they speculated hybrid 
sunfish utilized natural organisms more efficiently than bluegill. They further hypothesized 
the increased efficiency of hybrid sunfish compared to bluegill might have been caused by 
either increased food conversion or greater food consumption. 
Previous research has not examined interspecific or sexual comparisons of prepared 
diet versus natural feed utilization between and within bluegill and hybrid sunfish. 
Therefore, the objectives of this study were to compare quantitative and qualitative 
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differences in natural and prepared diet ingestion between bluegill and hybrid sunfish reared 
in earthen ponds. 
Bluegill and hybrid sunfish (age-1) were obtained from Kloubec Fish Farms (Amana, 
IA). Fish numbers were estimated by wet weight, stocked at 12,000 fish/ha, and randomly 
placed into six ponds (approximately 0.15 ha) at Kloubec Fish Farms, Amana, IA. Ponds 
were designated as experimental units; three ponds were stocked with bluegill and the 
remaining three ponds were stocked with hybrid sunfish. At the initial sampling period, the 
least-squared mean weight and standard length (SL) for bluegill and hybrid sunfish were 23.4 
± 12.1 g and 82.9 ± 6.8 mm, and 36.2 ± 12.6 g and 82.9 ± 7.2 mm, respectively. All fish 
were fed Silver Cup, (combination of floating and sinking 36% crude protein catfish feed, 
Nelson and Sons, INC., Murray, Utah) twice daily (first feeding at 0900 and second feeding 
at 1500) at 1.5% wet body weight using automatic feeders (AFl 100 Directional Feeder, 
Sweeney Enterprises, Inc., Boerne, Texas). Monthly, feeding rates were adjusted by wet 
weight estimation for each pond. 
Starting 26 June 2000 and ending 25 October 2000, ten fish were sampled monthly 
(sampling from approximately 0930 to 1130) using standard fishery techniques, i.e., seines 
and traps, from each pond. Fish were weighed (g), measured (mm SL), and dissected. Fish 
were sexed by primary sexual characteristics. The entire gut was removed from the fish at 
the esophagus and anus, and the stomach was removed. Stomach contents were quantified 
by wet weight (g). Stomach contents were standardized by the following working formula: 
Percent Stomach Content (PSC) = (stomach content wt. I total fish wt.) x 100. Occurrences 
of natural feed versus prepared diet within the stomach contents were qualified. Because 
natural feed was present in all stomach contents, only the presence or absence of prepared 
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feed was qualified; if prepared feed was present in the contents it was given the value 1, 
whereas if no prepared feed was in the contents it was given the value 0. No quantitative 
studies were conducted on the amount of exogenous organisms available or primary 
productivity. 
Quantitative data were analyzed using the Mixed Model procedure, whereas 
qualitative data were analyzed using the Logistic procedure (Statistical Analysis Systems 
2000). Sampling periods were classified as factors in the analysis and conservative degrees 
of freedom were used to test significance. Differences were considered significant at E:~0.05. 
At the beginning of this study and throughout the experiment, there were no 
differences in weight between bluegill and hybrid sunfish. The fish used in this study are 
part of a continuing growth trial, which will be reported upon conclusion (Lane and Morris 
unpublished data). In the sampled hybrid sunfish population 92% were male, which concurs 
to an earlier study conducted by Childers (1967). In contrast, the bluegill population was 
55% male. 
There was no significant difference in PSC between bluegill and hybrid sunfish. 
However, there was significant interaction between sex and taxa (Table 2.1). Male hybrid 
sunfish had significantly greater PSC (2.1 ± 0.4%) compared to female hybrid sunfish (0.9 ± 
0.6% ), male bluegill (0.5 ± 0.4% ), and female bluegill (0.6 ± 0.5% ). Brunson and Robinette 
(1983) stated hybrid vigor lead to greater growth rates compared to bluegill, which could also 
be associated with significantly greater PSC in male hybrid sunfish. Male hybrid sunfish 
possessed more food, natural or prepared, in the stomach regardless of the time of year 
compared to bluegill and female hybrid sunfish. 
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Table 2.1. Mean values (±SEM)1 of the ratio of stomach content weight over total fish 
weight (PSC) for sex and taxa. Mean differences (±SEM)1 of PSC for the significant 
interaction (P<0.05) between sex and taxa (N=3). Amana, IA, June 2000 - October 2000. 
Sex 
Taxa Male Female Difference 
Bluegill 0.5 ±0.4% 0.6 ± 0.5% - 0.1 ± 0.2% 
Hybrid Sunfish 2.1 ±0.4% 0.9 ± 0.6% + 1.1 ± 0.5% 
Difference + 1.6 ± 0.6% + 0.3 ± 0.8% 
1 Least-square means and mean differences were calculated by the Mixed procedure. 
There was a significant difference in feed occurrence between hybrid sunfish and 
bluegill. Although prepared feed was present in bluegill stomachs, there was a greater 
occurrence of prepared feed in the stomachs of hybrid sunfish (Table 2.2). Hybrid sunfish 
readily accepted prepared diets, which concurs with the following studies: Lewis and 
Heidinger (1971), Tidwell and Webster (1992), Webster et al. (1992), and Webster et al. 
(1997); in contrast to our study, the aforementioned studies did not directly compare 
differences between bluegill and hybrid sunfish. It appears the degree of prepared feed 
occurrence in hybrid sunfish is relatively low. However, it is difficult to compare this 
estimate with more established pond-reared cultivars, such as hybrid striped bass Morone 
spp. and channel catfish Ictalurus punctatus, since there is limited information available on 
these cultivars as to their utilization of a prepared diet compared to natural feed in ponds. 
Kelly and Kohler (1996) noted sunshine bass (M. chrysops x M. saxatilis) raised in ponds 
had significantly higher growth, weight, and food conversion compared to caged fish within 
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Table 2.2. The number of fish from each category sampled and the percentage of fish within 
each group with the presence of prepared and natural feed, or natural feed only, Amana, 
Iowa, November 1999-May 2000. 
Treatment Sex Sampled Prepared 1 Natural Only1 
Bluegill Female 68 12% 88% 
Bluegill Male 82 11% 89% 
Hybrid Female 12 50% 50% 
Hybrid Male 138 59% 41% 
1 Frequency of occurrence of prepared feed and natural feed exclusively was counted by the 
Logistic procedure. 
the same pond. They speculated from qualitative stomach analysis the differences were 
possibly due to the availability of natural prey organisms to the pond-reared fish. 
When comparing stomachs with only the presence of natural feed, male hybrid 
sunfish had significantly greater PSC (1.1 ± 0.3%) compared to male bluegill (0.4 ± 0.2%) 
and female bluegill (0.4 ± 0.2% ). From a culturist viewpoint, this is a valuable husbandry 
attribute, especially since this hybrid sunfish cross produces mostly males. Even when male 
hybrid sunfish were not consuming prepared feed, they still made relatively greater use of the 
available natural food supply within the ponds, which is in agreement with the hypothesis 
noted by Brunson and Robinette (1983). 
Several hybrid sunfish(> 100 g) had young-of-the-year (YOY) present in their 
stomachs; numerous fish stomachs contained only YOY. Consumption of offspring 
represents a reduction of undesirable F2 hybrids. This quality combined with limited 
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reproductive potential, skewed sex ratios, suggests a competitive advantage for hybrid 
sunfish pond culture over bluegill pond culture. 
In addition, there were significant differences in sampling date, regardless of taxa and 
sex (Figure 2.1). Both populations decreased in PSC (1.8 ± 0.4% to 0.7 ± 0.4%) from July to 
August, respectively. Percent stomach content for both bluegill and hybrid sunfish were the 
highest in June and July; this phenomenon is most likely associated with the spawning and 
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Figure 2.1. Mean values (±SEM) of the ratio of stomach content weight relative to total fish 
weight (PSC) measured over time (date). Amana, IA, June 2000 - October 2000. 
It has been reported the optimal temperature range for Lepomis species to be 20 to 30 C 
(Breder 1936). Water temperatures in late summer often exceed 30 C in Midwestern ponds. 
The results from our study indicate this interspecific cross yields a skewed population 
towards males that consume relatively greater amounts of prepared and natural feeds 
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compared to bluegill. Additionally, a greater percentage of hybrid sunfish had prepared 
feeds in their stomachs compared to bluegill. Acceptance of prepared feeds is critical in 
intensive pond production where natural feed organisms are rapidly depleted. Based on the 
results of natural feed versus prepared feed utilization by bluegill and hybrids, hybrid sunfish 
appear to be a better candidate for intensive pond production. 
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CHAPTER 3. COMPARISONS OF FOOD FISH PRODUCTION BETWEEN BLUEGILL 
AND HYBRID SUNFISH IN EARTHEN PONDS 
Abstract 
A paper to be submitted to Journal of World Aquaculture 
Ryan L. Lane and Joseph E. Morris 
There is limited research regarding pond production of bluegill Lepomis macrochirus 
and the interspecific cross of female green sunfish L. cyanellus and male bluegill for the food 
fish market. Comparison and an overall evaluation of food fish production between bluegill 
and hybrid sunfish in earthen ponds were conducted for 384 days. Juvenile (age-I) bluegill 
and hybrid sunfish were stocked (12000 fish/ha) separately into six 0.15-ha ponds (three 
ponds per taxa) and fed a catfish diet consisting of 36% crude protein. Hybrid sunfish had 
significantly greater final weights compared to bluegill; fish were initially sorted to stock the 
top 70% of pond-run fish. The populations of hybrid sunfish and bluegill were comprised of 
89% and 53% males, respectively. Bluegill possessed significantly greater dress-out weights 
compared to hybrid sunfish. There were no differ~nces in gross yield and survival between 
bluegill and hybrid sunfish. Stocking the top 70% of both bluegill and hybrid sunfish does 
not appear to produce marketable sizes within 2 years of life. Although the production of 
bluegill and hybrid sunfish for fee-fishing enterprises and sport fishery stocking remains 




Comparative studies of intensive pond production between bluegill Lepomis 
macrochirus and the interspecific cross of female green sunfish L. cyanellus and male 
bluegill (referred to as hybrid sunfish) are limited in the literature, especially for food fish 
production. Brunson and Robinette (1983) compared bluegill and hybrid sunfish cultured in 
earthen ponds under monospecific conditions; they reported hybrid sunfish had twice the 
growth compared to bluegill in both length and weight. Although the information presented 
in their study is often referenced in later literature, they failed to replicate; they 
pseudoreplicated treatments in ponds. 
Numerous replicated studies have been conducted on hybrid sunfish production 
because of several husbandry and angling attributes: sex ratio skewed towards males 
(Childers 1967), winter growth (Heidinger 1975; Brunson and Robinette 1982), summer 
growth and feed conversion (Brunson and Robinette 1982), acceptance of prepared diets 
(Lewis and Heidinger 1971; Tidwell and Webster 1992; Webster et al. 1992; Webster et al. 
1997), and susceptibility to angling (Ellison and Heidinger 1978). Moreover, Heidinger 
(1975) speculated hybrid sunfish might be more economically suited for temperate regions 
compared to channel catfish lctalurus punctatus. Though Ellison and Heidinger (1978) 
suggested hybrid sunfish greater than or equal to 110 g would be marketable for fee-fishing 
ventures, marketable food fish sizes have not been determined for either bluegill or hybrid 
sunfish. 
In addition, it has been speculated among fish culturists the removal of smaller fish 
(bottom 30%) could improve production by stocking only the larger sizes (top 70% ). The 
objectives of this study were to compare growth, body condition, dress-out, and survival 
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between the top 70% of bluegill and hybrid sunfish in earthen ponds and evaluate food fish 
pond production of both taxa for the upper Midwest. 
Methods 
Bluegill and hybrid sunfish (age-1) were obtained from Kloubec Fish Farms (Amana, 
IA). The fish were graded using bar graders and the top 70% were retained. Fish numbers 
were estimated by wet weight, stocked at 12,000 fish/ha, and randomly placed into six 0.15-
ha ponds at Kloubec Fish Farms, Amana, IA; three ponds were stocked with bluegill and the 
remaining three ponds were stocked with hybrid sunfish. At the initial sampling period, the 
mean weight and standard length (SL) for bluegill was 11.8 ± 7.7 g and 6.8 ± 0.7 cm, 
whereas hybrid sunfish was 25.2 ± 7.7 g and 7.8 ± 0.7 cm. There were no differences in 
weight or length between the two taxa. Fish were fed Silver Cup, (combination of floating 
and sinking 36% crude protein catfish feed, Nelson and Sons, INC., Murray, Utah) twice 
daily (first feeding at 0900 and second feeding at 1500 h) at 1.5% wet body weight using 
automatic feeders (AFl 100 Directional Feeder, Sweeney Enterprises, Inc., Boerne, Texas). 
Monthly, feeding rates were adjusted by wet weight estimation for each pond. 
Starting 17 May 2000, ten fish were sampled monthly (sampling from approximately 
0930 to 1130 h) using standard fishery techniques, i.e., seines and traps, from each pond. 
Fish were weighed (g), measured (mm SL), and dissected. Sex was determined by primary 
sexual characteristics and the reproductive tissue was weighed (g). Livers were removed and 
weighed (g). Beginning 9 September 2000, fish were scaled, eviscerated and processed by 
two methods for carcass yield: five fish were filleted with the skin on (skin-on fillet) and the 
remaining five were only deheaded (in-the-round). 
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Although growth was continuous throughout the experiment, fish were not fed 
prepared diets in winter conditions; therefore, growth data were separated into summer, 
winter, and spring periods. Data reporting summer growth started 17 May 2000 and ended 25 
October 2000, whereas data reporting winter growth started 25 October 2000 and ended 17 
April 2001 and spring growth started 17 April 2001 and ended 7 June 2001 at final harvest. 
At the end of the study, fish were harvested, counted, and weighed. Thirty fish from 
each pond were randomly collected for analysis. Hepatosomatic (HSI) was calculated from 
HSI= liver wt./total wt. x 100. Gonadosomatic index (GSI) was calculated from GSI = 
gonad wt/total wt. x 100. Head length was defined as the anterior most point of head to the 
posterior most point in the opercula and % head length was calculated from head length/SL x 
100. Condition factor (Kst) was calculated from Kst = (W/SL3) X 100, where W = fish 
weight, SL= fish standard length. Specific growth rate (SGR) was calculated from SGR = 
[(ln Wf - ln Wi)/ t] X 100, where Wf = final mean weight, Wi = initial mean weight, t = 
period in days. 
Data were analyzed by the General Linear Model using the Statistical Analysis 
System version 8.1 software (SAS Institute, Inc., Cary, North Carolina USA). Individual 
ponds were used as experimental units and variation among ponds nested in treatment were 
used as the experimental error to test significance in initial and final weight, initial and final 
SL, GSI, HSI, percent head length, Kst, SGR, gross yield (kg/ha), dress-out percentages, and 
survival. Sampling periods were classified as factors in the analysis and conservative 
degrees of freedom were used to test significance 
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Results 
Summer and spring conditions in the ponds were relatively stable and suitable for 
both bluegill and hybrid sunfish production. At the beginning summer and spring sampling 
period, the daily temperature was in the range 16-20 C, but the summer sampling period 
increased to peak between 26-30 C and the spring sampling period increased to peak between 
17-21 C. Maximum ice cover ranged 0.60-0.74 m, temperature 2-4 C, and oxygen levels 
from 1.5 to 4.3 ppm in four of the six ponds. On 26 March 2001, a total of 245 and 36 dead 
bluegill and hybrid sunfish, respectively, from different ponds were enumerated. 
There were no differences in initial weight, % increase, initial and final SL, summer, 
winter, spring, and overall SGR, gross yield, and survival between bluegill and hybrid 
sunfish cultured in this experiment; possibly due to the tremendous variation among ponds 
within treatments, even though the top 70% of bluegill and hybrid sunfish were initially 
retained at the start of the study. However, hybrid sunfish possessed a significantly greater 
weight (P<0.10) and% head length (P<0.01) compared to bluegill (Table 3.1). There were 
no differences in Ksr, and HSI, whereas there was a significant difference (P<0.01) in GSI 
between bluegill and hybrid sunfish (Table 3.2). Both bluegill and hybrid sunfish had 
relatively higher GSI during May and June for both calendar years. Bluegill had 
significantly greater dress-out percentages (P<0.001) compared to hybrid sunfish, regardless 
of dress-out method, i.e., skin-on fillet and in-the-round. 
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Table 3.1. Production response means and mean differences1 of initial and final weight, 
percent increase, initial and final length, % head length, summer, winter, spring, and overall 
specific growth rate (SGR), gross yield, and survival of bluegill and hybrid sunfish cultured 
in ponds (N=3) at Amana, IA. P-values were calculated from the error term ponds nested 
within treatment. 
Treatment 
Production Response Bluegill Hybrid sunfish Mean Difference P-value 
Initial weight (g) 11.8 25.2 - 13.4 ± 7.7 0.28 
Final weight (g) 33.2 77.8 - 44.6 ± 13.8 0.08 
Increase(%) 228 336 108 ± 139 0.61 
Initial SL (mm) 6.8 8.0 1.2 ± 0.7 0.29 
Final SL (mm) 125 150 25 ±9 0.13 
Head length(%) 22.3 25.2 2.9 ± 0.4 < 0.01 
Summer SOR (%/day) 0.62 0.75 - 0.13 ± 0.13 0.49 
Winter SOR (%/day) 0.11 0.01 + 0.10 ± 0.03 0.11 
Spring SOR (%/day) 0.04 0.44 - 0.40 ± 0.26 0.33 
Overall SGR (%/day) 0.25 0.35 - 0.10 ± 0.10 0.45 
Gross yield (kg/ha) 250 307 57 ± 139 0.14 
Survival ( % ) 62± 14 42± 14 + 20 ± 14 0.38 
1 Means(± pooled SE) of three replicate ponds per treatment. 
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Table 3.2. Response means and mean differances1 of condition factor (Kst), gonadosomatic 
index (OSI), hepatosomatic (HIS), skin-on fillet, and in-the-round for bluegill and hybrid 
sunfish cultured in ponds for 384 days at Amana, IA. P-values were calculated from the error 
term ponds nested within treatment. 
Treatment 
Response Bluegill Hybrid sunfish Mean Difference P-value 
Condition factor (Kst) 3.43 3.53 - 0.10 ± 0.24 0.68 
OSI(%) 1.11 0.54 + 0.57 ± 0.05 < 0.01 
HSI(%) 1.43 1.83 - 0.40 ± 0.20 0.24 
Skin-on fillet (%) 36.3 31.9 + 4.4 ± 0.6 < 0.01 
In-the-round (%) 62.3 57.5 + 4.8 ± 0.6 < 0.01 
Means (± pooled SE) of three replicate ponds per treatment. 
Discussion 
Our results are comparable with results reported in the literature. Tidwell et al. 
(1994) reported hybrid sunfish (38 g and 66 g) stocked at 12350 fish/ha attained an average 
weight approximately (119 g and 160 g), respectively, in 371 days. In our study, bluegill and 
hybrid sunfish did not reach similar weights 33.2 ± 13.8 g and 77.8 ± 13.8 g, respectively, 
under similar stocking density (12000 fish/ha), size (11.8 ± 7.7 g and 25.2 ± 7.7 g), and 
duration (384 days). However, hybrid sunfish and bluegill in our study exhibited similar 
summer SOR compared to hybrid sunfish reported Tidwell et al. ( 1994 ). The likely reason 
for this phenomenon was probably due to smaller fish at initial stocking in the current trial. 
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The winter SGR was also similar for both bluegill and hybrid sunfish compared to the hybrid 
sunfish in the aforementioned study. 
Lewis and Heidinger (1971) reported hybrid sunfish fed to satiation attained a gross 
yield of 345 kg/ha and 568 kg/ha at 3713 fish/ha and 7426 fish/ha, respectively, whereas 
Brunson and Robinette (1986) reported hybrid sunfish fed at a supplemental rate possessed a 
gross yield of 328 kg/ha stocked at 2471 fish/ha. In our study, bluegill and hybrid sunfish 
had similar gross yields of 250 ± 139 kg/ha and 306 ± 139 kg/ha, respectively, compared to 
hybrid sunfish in both Lewis and Heidinger (1971) and Brunson and Robinette (1986). 
However, our density was about four times more than these two studies. Tidwell et al. 
(1994) reported hybrid sunfish stocked at small size (38 g) and large size (66 g) and high 
density (12350 fish/ha) with the aid of emergency aeration attained an average standing crop 
of approximately 2227 kg/ha and 3565 kg/ha, respectively. Gross yield results in this study 
are considerably lower in comparison to Tidwell et al. (1994). Lower gross yields in this 
study were caused by low survival in both bluegill and hybrid sunfish because of a possible 
winterkill during winter 2000-01. 
Brunson and Robinette (1983) reported 74% and 81 % survival for bluegill and hybrid 
sunfish, respectively, cultured in winter conditions for 112 days. Tidwell et al. (1994) 
reported approximately 86% survival for hybrid sunfish stocked at similar densities and 
duration. In our study, bluegill and hybrid sunfish clearly possessed lower survival rates of 
62 ± 14% and 42 ± 14%, respectively. The likely reason for the low survival in both bluegill 
and hybrid sunfish populations were probably winterkill conditions, which often plague 
Midwestern ponds; this possible phenomenon drastically reduced all production variables. 
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Ellison and Heidinger (1978) reported 80% of the hybrid sunfish population was 
comprised of males and Tidwell et al. (1994) reported approximately 90% of the hybrid 
sunfish population was comprised of males. In this study, bluegill and hybrid sunfish were 
comprised of 53% and 89% males, respectively. Hybrid sunfish significantly had a lower 
percentage of reproductive tissue compared to bluegill, although this is most likely associated 
with the low number of females in the hybrid sunfish population. As expected, reproductive 
tissue relative to total body weight was the highest during late spring early summer. At 
harvest, it appeared bluegill had a tremendous amount of reproduction in the ponds compared 
to hybrid sunfish; no quantitative assessment of young-of-the-year (YOY) was conducted. 
Bluegill are renowned for reproduction at small sizes in ponds; therefore, fish stunting may 
occur over longer periods of time, especially if YOY are not harvested annually. 
Bluegill possessed significantly greater dress-out percentages compared to hybrid 
sunfish. The likely reason for the difference in dress-out percentages between bluegill and 
hybrid sunfish is associated with the larger hybrid sunfish head. 
Both bluegill and hybrid sunfish fillets were infected with black grubs Uvulifer 
ambloplitis. Black grubs may cause a potential marketing problem for food fish markets. 
Bluegill and hybrid sunfish are classified as littoral fish and, thereby, vulnerable to digenetic 
trematode infection because of the close proximity of snails (Planorbella spp.) (first 
intermediate host of the grub). To date, there is limited control of snails in production ponds, 
especially bluegill and hybrid sunfish production ponds. 
Stocking the top 70% of bluegill and hybrid sunfish for food fish pond production in 
this experiment does not appear to produce potentially marketable sizes within 2 years of life 
or effectively use pond resources. Although the production of bluegill and hybrid sunfish for 
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fee-fishing enterprises and sport fishery stocking remains profitable, food fish pond 
production of either bluegill or hybrid sunfish remains questionable, especially for the upper 
Midwest. 
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After the 180-d winter period (November 2000 to May 2001), hybrid sunfish 
increased in weight, standard length, and condition factor Kst. Initial mean fish weight 
ranged from 14.38 g to 16.20 g with a mean of 15.38 ± 0.53 g and final fish weight ranged 
from 24.93 g to 59.81 g with a mean of 43.00 ± 10.08 g. The mean fish weight difference 
and percent increase ranged from 10.55 g to 43.61 g and 73% to 269% with means of 27.61 ± 
9.55 g and 175 ± 57%, respectively. Specific growth rates (%bodyweight/day) of fish from 
ponds ranged from 0.31 to 0.73 with the mean of 0.54 ± 0.12. The initial and final mean 
standard length ranged from 76.10 mm to 79.50 mm and 84.20 mm to 103.1 mm with means 
of 77.3 ± 1.1 mm and 93.9 ± 5.5 mm, respectively. The mean standard length difference and 
percent increase ranged from 8.1 mm to 23.6 mm and 11 % to 30% with means of 16.6 ± 4.5 
mm and 22 ± 6%, respectively. The initial and final condition mean Kst of fish from 
individual ponds ranged from 3.22 to 3.53 and 4.19 to 5.46 with means of 3.33 ± 0.10 and 
4.97 ± 0.40, respectively. The mean Kst difference and percent increase ranged from 0.94 to 
2.24 and 29% to 70% with means of 1.64 ± 0.38 and 49 ± 12%, respectively. 
Although fish in each pond had increased production values over the culture period, 
fish in one pond possessed a lower weight increase (73%), SGR (0.31), standard length 
increase (11 % ), and condition factor (0.94) compared to the other hybrid sunfish ponds. This 
one pond greatly lowered all point estimates and increased data variability. The cause of 
increased data variation is undetermined but could have been caused by a variety of 
circumstances including low oxygen levels (winterkill) or low abundance of natural prey 
organisms. 
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Increases in weight, length, and body condition without the use of supplemental feed 
are beneficial criteria for potential cultured species, in regions having unavoidable periods of 
ice-cover. Brunson and Robinette (1982) noted a winter-feeding program for hybrid sunfish 
might increase growth. However, results garnered suggest without such a feeding program, 
hybrid sunfish can still exhibit substantial growth in long, cold Iowan winters. 
In May 2001, both bluegill and hybrid sunfish were stocked into ponds and fed a 
commercial catfish diet for stomach comparison. There were no differences in percent 
stomach content weight relative to total body weight (PSC) between bluegill and hybrid 
sunfish. However, there was significant interaction between sex and taxa. Male hybrid 
sunfish had greater PSC (2.06 ± 0.44%) compared to female hybrid sunfish (0.92 ± 0.61 % ), 
male bluegill (0.53 ± 0.45% ), and female bluegill (0.57 ± 0.46% ). Male hybrid sunfish 
possessed more food, natural or prepared, in the stomach regardless of the time of year 
compared to bluegill and female hybrid sunfish. 
There was a significant difference in feed occurrence between hybrid sunfish and 
bluegill. Although prepared feed was present in bluegill stomachs, there was a greater 
occurrence of prepared feed in the stomachs of hybrid sunfish. It appears the degree of 
prepared feed occurrence in hybrid sunfish is relatively low. However, it is difficult to 
compare this estimate with more established pond-reared cultivars, such as hybrid striped 
bass Marone spp. and channel catfish Ictalurus punctatus; there is limited information 
available on these cultivars as to their utilization of a prepared diet compared to natural feed 
in ponds. When comparing stomachs with only the presence of natural feed, male hybrid 
sunfish had significantly greater PSC (1.10 ± 0.25%) compared to male bluegill (0.43 ± 
0.23%) and female bluegill (0.39 ± 0.23% ). 
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Several hybrid sunfish (> 100 g) had young-of-the-year (YOY) present in their 
stomachs. Consumption of offspring represents a desirable reduction of unwanted 
recruitment, i.e., F2 hybrids. This quality combined with limited reproductive potential, 
skewed sex ratios, suggests a competitive advantage for hybrid sunfish over bluegill in 
aquaculture food fish enterprises. 
In addition, there were significant differences in sampling date, regardless of taxa and 
sex. Both populations decreased in PSC (1.76 ± 0.44% to 0.67 ± 0.39%) from July to 
August, respectively. It has been reported the optimal temperature range for Lepomis species 
to be 20 to 30 C (Breder 1936); water temperatures in Iowa ponds often exceed 30 C in late 
summer. 
The results from our study indicate this interspecific cross consumes relatively greater 
amounts of prepared and natural feeds compared to bluegill. Based on the results of natural 
feed versus prepared feed utilization by bluegill and hybrids, hybrid sunfish appear to be a 
better candidate for intensive pond production. 
Bluegill and hybrid sunfish in our study appeared to have lower production variables 
compared to past sunfish investigations (Brunson and Robinette 1982,1983,1985; Lewis and 
Heidinger 1971, Tidwell et al. 1994). The bluegill and hybrid sunfish populations were 
comprised of 53% and 89% males, respectively. Hybrid sunfish significantly had a lower 
percentage of reproductive tissue compared to bluegill, although this is most likely associated 
with the low number of females in the hybrid sunfish population. As expected, reproductive 
tissue relative to total body weight was the highest during late spring early summer. At 
harvest, it appeared bluegill had a tremendous amount of reproduction in the ponds compared 
to hybrid sunfish. Bluegill are renowned for reproduction at small sizes in ponds; therefore, 
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fish stunting may occur over longer periods of time, especially if YOY are not harvested 
annually. 
Bluegill possessed significantly greater dress-out percentages compared to hybrid 
sunfish. The likely reason for the difference in dress-out percentages between bluegill and 
hybrid sunfish is associated with the significantly larger hybrid sunfish head. 
Both bluegill and hybrid sunfish fillets were infected with black grubs Uvulifer 
ambloplitis; this infestation may cause a potential marketing problem for food fish markets. 
Bluegill and hybrid sunfish are classified as littoral fish and, thereby, vulnerable to digenetic 
trematode infection due to the close proximity of snails (Planorbella spp.) (first intermediate 
host of the grub). 
Overall, stocking the top 70% of bluegill and hybrid sunfish for food fish pond 
production in this experiment does not appear to produce potentially marketable sizes within 
2 years or effectively use pond resources. The production of bluegill and hybrid sunfish for 
sport fishery stocking will remain viable and profitable for both private and public culturists; 
however, food fish pond production for the private industry of either bluegill or hybrid 
sunfish remains questionable, especially for the upper Midwest. 
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